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Summary:  The internal walls of microfabricated fluidic channels were functionalized with a self-
assembled monolayer of Rhodamine B lactam. This molecule has the capability to interconvert between its 
open fluorescent amide form and the closed non-fluorescent lactam form upon changes of the pH 
conditions. The interconversion (switch) between the two reversible forms is achieved by addition of an 
acid or a base and is consistent with a reaction mechanism of the first order. This paper describes the 
online observation of such fluorescent switch covalently anchored to the channel and proposes this method 
as a possible sensor for the monitoring of pH changes in microreactors.  
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1 Introduction 
Online detection of critical and sudden reactions 
occurring in microfluidic systems is an important 
issue in the developing field of microreactors. 
A sudden and unexpected change in the pH 
conditions of a continuos-flow chemical process 
can lead to unexpected reaction pathways such as 
overheating, or in the worst scenario explosion. 
Chemical reactions in microfluidic devices occur on 
a faster timescale if compared to bulk reactions, 
therefore a fast online monitoring system is 
required to minimize risks [1]. 
2 Results and Discussion 
The synthesis of RhB amide fluorescent core has 
been previously described at the single molecular 
level when incorporated in the core of 
metallodendrimers [2]. This molecule has the 
capability of reversibly switching between the 
lactam form b and the open amide form a upon 
changing the pH conditions (Figure 1). From the 
literature [3] it is known that rhodamine B 
derivatives containing primary amide groups at the 
2’-position can easily be interconverted in the non-
fluorescent spirolactam form under basic conditions 
[4]. Upon addition of a base, the RhB amide a 
reacts to its lactam form causing the loss of 
aromaticity in the pyrilium ring of the xanthene 
chromophore (Fig. 1). 
A microfabricated glass channel (20 µm wide and 2 
µm deep) was chemically modified by forming an 
NH2 terminated monolayer on its surface. 
Subsequently the monolayer was reacted with a 
diluted solution of Rhodamine B oxalyl chloride. In 
this way it was possible to react Rhodamine B to 
the surface via amidation at the 2’ position. The 
switching pH dependent function is now chemically 
linked to the surface. By using dilution of NH2 
groups on the surface (1/10 to 1/10000), it was 
possible to regulate the amount of dye reacting with
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Fig. 1. UV-Vis spectrum of a and b and corresponding molecular structures. 
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the surface and therefore obtain an ideal 
concentration of function at the surface minimizing 
the possibility of interference between vicinal dye 
molecules because of steric hindering. The reaction 
is shown schematically in Figure 2. 
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Fig. 2. Reaction scheme for the covalent bonding of RhB 
to glass. 
After functionalization and subsequent extensive 
rinsing with several solvents, in order to remove 
physisorbed material, the microfluidic device was 
placed under a Laser Scanning Confocal  
Microscope (LSC) to detect the fluorescent signal 
emitted by the switches. A flow of dichloromethane 
(CH2Cl2) was pumped inside the channel by 
hydrodynamic pressure and an area of 40x40 µm 
was scanned. Subsequently the reservoir containing 
CH2Cl2 was emptied and filled with 20% 
triethylamine (NEt3) in CH2Cl2 and the same area 
scanned again. A significant decrease in the overall 
intensity of fluorescence was observed. The 
channel was then rinsed with CH2Cl2 and filled with  
20% Acetic acid (CH3COOH) in CH2Cl2. In the 
subsequent scan a considerable increase of the 
fluorescence was seen (approximately 5-fold).  
The rinsing procedure with CH2Cl2 was repeated 
and another off-on cycle (i.e. base-acid) performed. 
The fluorescence decreased again when the layer 
was addressed with the basic solution and a 
complete recovery of the fluorescence intensity was 
obtained upon release of the acid solution, ruling 
out the possibility that the previously observed low 
level of fluorescence could be due to desorption or 
damage to the monolayer. A control test in a 
microchannel without functionalized monolayer 
excluded the possibility of autofluorescence of the 
used solvents to cause the observed changes in 
fluorescence intensity. For each scan, the intensity 
distribution was determined (Fig.3).  
 
0 100 200 300 400 500 600
0
200
400
600
800
1000
1200
1400
1600
1800
2000
Intensity [kcounts]
channel
# 
pi
xe
ls
mean
 
a)    b) 
Fig. 3. a) Example of confocal scanned image (40x40 µm 
area) and b) fluorescence intensity distribution obtained 
from the scan.  
Fig. 4 shows the relative means of the distributions 
for two consecutive on-off cycles.  
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Fig. 4. Off-on switching of the molecules in the 
microfluidic channel. Relative mean fluorescence 
intensity after exposure to base (T1, T3) and to acid (T2, 
T4). Between events the system was flushed with 
CH2Cl2. 
Conclusions 
We have demonstrated the possibility to include a 
chemical sensor inside a microfluidic device by 
covalently binding it to the channels’ walls.  The 
molecular switch was able to sense two different 
pH conditions by responding to the external stimuli 
with a clear and reproducible change in the 
fluorescence behavior. Furthermore, by using high 
dilution of NH2 groups on the surface, it is possible 
to minimize the number of switches in order to 
obtain a very diluted sample and allow single 
molecule studies [5]. The microfluidic network 
would then serve as a very effective tool to change 
the pH conditions in a controlled way. 
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